Abstract. Some engineering characteristics of briquettes produced from white afara (Terminalia superba) sawdust and binder agents (phytoplankton scum, banana peel, yam peels and cassava peels) at different binder ratio (10, 20, 30, 40 and 50% by weight of each feedstock) and at compaction pressure of 15 MPa was investigated. As the binder ratio increased from 10.0 to 50.0%, the bulk density increased from 103.87 to 159.48 kg/m 3 for phytoplankton, 117.61 to 178.32 kg/m 3 for banana peels, 126.04 to 185.62 kg/m 3 for yam and 130.43 to 198.51 kg/m 3 for cassava peels. The compressed density, relaxed density, compressive strength, compaction ratio, relaxation ratio and shattering index of briquettes increased with increase in binder ratio from 10.0 to 50.0%. The cassava peels bonded briquettes had the best physical and mechanical characteristics qualities compared with other biomass bonded briquettes.
INTRODUCTION
Some physical and mechanical characteristics of biomass briquettes have been studied by researchers such as water hyacinth and plantain peels briquettes (Davies and Abolude, 2012) , water hyacinth and phytoplankton briquettes (Davies and Davies, 2013) , charcoal briquettes from neem wood residues and some agricultural wastes (Sotannde et al., 2010) , charcoal briquettes from cashew nut shell residue (Bisana and Laxamana, 2008) , palm fibre and shell briquettes ( Husain et al., ,2002) , briquettes from waste paper and coconut husk (Olorunnisola, 2007) , lignite with biobinders briquette (Ivanov, 2003) , water lettuce briquette (Davies and Davies, 2014) . Briquettes from sawdust and some biomass waste were reported (Demirbas et al., 2004 and Emerhi, 2011) . Briquettes from rattan furniture waste (Olorunnisola, 2000) , Sawdust and Wheat-Straw briquettes (Wamukonya and Jenkins, 1995) , maize cob briquette (Wilaipon, 2007) , charcoal and Agricultural Wastes briquettes and Biomass-Lignite Blends (Yaman et al., 2001) .
Fishing is the major occupation of the people in Niger Delta. Presently, about 97% of the fish processors depend solely on mangrove trees as their fuel (Tawari, 2006) . Presently, fish processors have to travel far and wide to fetch fuelwood. In the past few years, forests have been over-depleted, and fuelwood price have gone up considerably, causing women and children to now have to travel long distance for its collection (Tawari, 2006) . Associated problem of desert encroachment and soil erosion among others are becoming aggravated. The fuelwood resources is becoming very scarce thus, effort should be channel towards other forms of renewable energy sources in Nigeria (Davies and Abolude, 2013) .
The compaction pressure chosen falls within the acceptable range of manually produced briquette using hand press (Olorunisola, 2004; Chin and Siddique 2000 and Bamigboye and Bolufawi, 2008) . Bamigboye and Bolufawi, 2008; Chin and Siddique 2000 and Ajayi and Lawal, 1995 reported binder inclusion at different levels by weight for production of briquettes for guinea corn residue and cassava starch as binder, rice bran residue and corn starch and sawdust from apepe and palm oil slurry as binder.
Organic binder such as fermented weed and leaves, cassava starch, banana peels, plantain peel glue and fermented water hyacinth is usually derived from agricultural waste. The major disadvantage of this type of binder cannot be preserved for a long time (Olorunnisola, 2004 and Kaliyan and Morey, 2008) . The relaxed density, durability and shear strength of the briquettes increased with an increase in binder levels (Chin and Siddiqui, 2000 and Engelleitner, 2001 (Stanley, 2003) . Ajayi and Lawal (1997) reported some vital factors to be considered in selecting binders for biofuel, its binding properties, cost, environmental friendliness, minimal need for drying and the binders must conform to the basic requirement of the briquettes products. Its combustion behaviour must be satisfactory in terms of smoke. Palm oil sludge has been grouped among the binders that have good binding properties but does not meet the combustion requirements for the briquette products for fuel application. It is not environmental friendly. Previous studies by Tabil (1996) , Ajayi and Lawal (1997) and Olorunnisola (2000) revealed organic binders such cassava starch, pea starch, fermented leaves, yam peel, cassava residue, cassava glue, waste papers and palm oil sludge were used on sawdust, coffee and alfalfa. Inorganic binder such as carbon methylcellulose was reported by Tabil (1996) and Marrero (1990) such as carbon methylcellulose, sodium silicate and pretreated starch was being used on alfalfa. The objective of this study was to investigate the physical and mechanical properties of briquettes produced from sawdust of white afara softwood (Terminalia superba), phytoplankton scum, cassava peels, banana peels and yam peels as a function of binder ratios and types.
MATERIALS AND METHODS

Experimental procedure
Sawdust of white afara softwood (Terminalia superba) was collected from a sawmill industry. Other agricultural wastes used as binding agents were plantain peels, cassava peels, banana peels and yam peels. These agricultural wastes were selected because of their abundance in Yenagoa, Bayelsa State, Nigeria. Preliminary studies were conducted before this main experimental work in order to investigate the possibility of using white afara sawdust and the other agricultural wastes (as binders) for production of briquettes at different binder ratio (10, 20, 30, 40 and 50% by residue weight) and compaction pressure, 15 MPa.
Sawdust and the other agricultural wastes were cleaned of foreign matters (stone, dust and plant materials). The binding agents were oven dried to a moisture content of 9.5% and ground to fine particle size (0.075 mm) using hammer mill and Tyler sieve. Sawdust was ground to particle size distribution range between 0.50 and 3.00 mm. The ratio of sawdust to each of the binding agents used in the mixture were 90:10, 80:20, 70:30, 60:40 and 50:50 . A mechanical mixer was used to obtain homogenous mixture before compaction process. A steel cylindrical die of dimension 14.3 cm height and 4.7 cm in diameter was used for this study. The die was freely filled with known amount of weight (charge) of each sample mixture and positioned in the hydraulic powered press machine for compression for 45 seconds to form briquettes. Three replicates of the briquettes of the mixture of the sawdust and different binding agents were produced.
Determination of density of loose white afara sawdust
The bulk density and moisture content of the ground material before and after compaction was determined using ASABE (2003) and Bamigboye and Bolufawi (2008) .
Relaxation ratio
Compaction ratio and relaxation ratio was determined according to Bamigboye and Bolufawi (2008) 
Compressive strength
The axial compressive strength (MPa) of the briquette was determined using Universal Testing Machine in accordance with ASTM 1037-93 (1998). Compressive strength was calculated by dividing the load at the fracture point by cross sectional area of plane of fracture.
Shattering index (durability index) test
Shattering index of briquettes was conducted using ASTM. D440-86 (1998) . The bulk densities increased with increasing in binder proportion and differ significantly with binder types. This signified a desirable development for densification process. The corresponding values of uncompressed bulk densities for corncob from white and yellow maize were 95.33 and 98.00 kg/m 3 (Oladeji, 2011 The values of compressed density were higher than the initial bulk density (133.14 kg/m 3 ) of the uncompressed mixture of water hyacinth and binder. The relaxed density of briquettes as a function of binder ratio. The relaxed density increased with increasing quantity of the binder irrespective of binder types. The highest relaxed density was cassava bonded briquettes followed closely by yam bonded briquettes, whereas phytoplankton scum bonded briquettes had the lowest relaxed density. Cassava was found to be better binding agent compared to other binder agents used for this study. Similar results were obtained Chin and Siddiqui (2000) for production of some briquettes from sawdust, rice husk, peanut shell, coconut fibre and palm fibre.
RESULTS AND DISCUSSIONS
Compaction ratio varied significantly with binder levels. A general trend of increased in the compaction ratio of briquettes observed with increasing in binder content for all the binding agents. Cassava bonded briquettes had the highest compaction ratio. It implied that cassava bonded briquettes had better mechanical handling characteristic than other studied binders. The corresponding values for compaction ratio of briquettes produced from corncob and rice husk was 3.80 and 4.19 (Oladeji, 2011) . Table 1 showed the effect of binder content on the relaxation ratio of the briquettes. The relaxation ratio increased with increasing in the quantity of binder irrespective of the type of binder utilized. The phytoplankton scum bonded briquettes had the lowest relaxation ratio. Comparing this results with previous studies on the effect of binder ratio on relaxation ratio of briquettes, the result obtained was in agreement with briquettes from other biomass (O'Dogherty 1989 , Olorunnisola (2007 and Sotannde et al. 2010) . Shattering index correlated positively and significantly for all the binder levels. It was observed that shattering index improved with increasing in the quantity of binder for all the binding agents. The maximum and minimum values of shattering index corresponded to cassava bonded and phytoplankton scum briquettes. The optimum binder level for all the binding agents was 50%. The maximum and minimum compressive strength corresponded to cassava bonded briquettes and phytoplankton scum briquettes. Two parameters interacted positively and significantly. It was observed that the type of binders and the quantity of binder used to manufacture briquette had a significant influence on its compressive strength. Meanwhile, the optimum compressive strength was attained when the sawdustcassava peels blend ratio was 50:50 for production of briquettes.
CONCLUSIONS
1. The quantity of binder and binder type utilized have a remarkable influenced on the engineering characteristics of briquettes.
2. The cassava bonded briquettes had the best physical and mechanical characteristics qualities compared with other biomass bonded briquettes produced.
3. All the binder agents produced briquettes of high mechanical handling characteristic especially at 40-50% binder levels.
4. Production of sawdust briquettes is feasible using any of the four binder agents. The best quality briquette was produced from cassava peels bonded and at optimum binder levels of variables 50%. 
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